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INTRODUCTION
The Chesapeake Bay is one of the largest énd mest productiﬁe

estuaries in the world. This estuary provides spawning and

nursery habitat for numerous species of fish. The abundance and

distribution of fish species within the Bay are related to many

variables such as climate, natural population cycles,
reproductive potential, disease, predation, food and suitable
habitat. Wohlfarth (1986) reported that overfishing and/or
deterioration of habitat quality (contaminant and water quality
problems) are usually the prime causes of dramatic and extended
fish stock declines.

In recent years, degrading habitat conditions resulting
from adverse water gquality and chemical contaminants in nursery
or spawning areas have been suspected in reducing populations of
various Chesapeake Bay fish species (XKlauda and Bender, 1987).
Various resident and anadromous fish species have declined in
Chesapeake Bay while stocks of oceanic spawners such as spot,

Leiostomous xanthurus, have remained stable (Klauda and Bender,

1987). Spot spawn in nearshore marine waters in the winter but

older larvae use the Chesapeake Bay as nursery areas in the

spring. Juvenile spot are dominant in the Bay during the summer

months.
The wvulnerable early life stages of spot (eggs and young
larvae) are not exposed to potentially toxic Chesapeake Bay

agquatic habitat conditions. Although contaminant and water

quality problems have not caused a decline of spot in Chesapeake
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Bay, it is important to identify adverse conditions that may
affect the survival of the species if adequaté ﬁaﬁagement plans
are to be implemented. Synthesis of these data can also be used
to identify suitable habitat requirements. \

This document was developed to provide a syntheéis and
review of both water quality and contaminants data on various
life stages of spot. Data contained in this document will be
useful in the Toxics Reduction Strategy for the Chesapeake Bay
program effort. A life history and ecology section on spot will
be prepared by other investigators and merged with this document

to provide a complete review on the species.

SUITABLE WATER QUALITY PARAMETERS

Several water quality parameters suitable for survival of
various life stages of spot are presented in Table 1. Various
life stages may live outside of the parameters listed in Table 1;
however, such conditions would be stressful. Data in Table 1
were obtained from Hettler and Clements (1978), Bridges (1971),
Stickney and Cueneo (1982), Johnson (1978), PSE&G (1978), Ogren
and Brusher (1977) and Tsai et al. (1979). Toxic water quality
conditions are presented in a separate section of this document
(Table‘2).

Suitable temperature ranges for egqgs, larvae, juveniles and
adults were > 14 C (upper 1limit not known), 10 - 37 &, 6 - 20 C
and 6-36.7 C. The upper lethal limit for larvae (37 C) is 1 cC

below the Critical Thermal Maximum (CTM) at an acclimation
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temperature of 30 C. The 6 - 20 C range reported'for juveniles
is a preferred range; temperatures of 1.2 to 35l§'c can be

tolerated. Suitable salinity conditions for juvenile and adult
spot were > 2 ppt. Dissolved oxygen concentrations > 5.0 mg/L
were reported suitable for all life stages. Suspended solids |

concentrations below 50.6 g/L were suitable for juveniles.

TOXIC WATER QUALITY CONDITIONS

Toxic water quality conditions adversely affecting various
life stages of spot are presented in Table 2. Each parameter is

discussed separately in the following sections.

Temperature

Temperature effects on various life stages of spot were
evaluated in 15 different studies. Hettler and Clements (1978)
reported that spot embryos will not develop at temperatures below
14 C. These investigators reported that pre-gastrula embryos
suffered 50% mortality or greater when exposed to temperature
increases of 8 to 14 C; older embryos were not affected by these
thermal increases. Post-fertilized eggs exposed to a 12 C
thermal increase above ambient temperatures for 30 min. suffered
approximately 20% greater mortality than controls (Hettler and
Clements, 1978). An 8 C thermal shock above ambient temperature
caused no significant effect.

Hettler and Clements (1978) reported that spot larvae can

tolerate temperatures as low as 5 €. Although this temperature
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can be tolerated, other investigators have reported that feeding
was reduced at 10 C and ceased completely at 6'C)(Hoss et al.,
1974). These investigators also reported unexpectedly high
respiration rates at 10 C thus indicating cecld stress at this
temperature. Hettler and Clements (1978) reported that exposure
time was a critical factor in determining mortality of 1 to 20 d
old larvae exposed to temperature increases of 12 C above
ambient. Sixty min.-exposures were lethal to larvae while
exposures of less than 15 min. had minimal effect. Hoss et al.,
(1974) reported that 12 C increases for 40 min. did not reduce
survival or effect weight gain after 14 4.

Bridges (1971) reported critical thermal maximum (CTM)
values of_3D, 34 and 38 C for spot larvae acclimated to 10, 20
and 30 C, respectively. CTM values increased with increasing
fish size and increased salinity. Other investigators reported
CTM values of 28.4, 30.4 and 31.1 C for larvae acclimated to 5,
10 and 15 C, respectively (Hoss et al., 1974). Middaugh et al.,
(1975) determined a CTM value of 35 C using a temperature
increase of 1 C / 5 min above ambient temperatures of 20 C. A
lower CTM of 31.1 C was reported for larval spot at acclimation
temperatures of 15 C (Hoss et al., 1971). An ultimate upper
incipient lethal temperature of 35.2 C has also been reported for
postlarval and juvenile spot (Hodson et al., 1981).

Juvenile spot were reported to tolerate temperatures ranging
from 1.2 to 35.5 C but preferred temperatures of 6 to 20 C

(Stickney and Cuenco, 1982). A lower lethal temperature of 4 to

4
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5 C was reporﬁed by these investigators. Public Service Electric
and Gas Company (1978) reported 96 h LT50 temperatures of 10 and
.5 C for juveniles acclimated to 25 and 10 C, respectively. A
preferred temperature of 25 C was reported for juveniles by these

1nvest1gators. Peters et al., (1972) reported that optimum
feeding occurred at 24 C, which was approximately equal to the
preferred temperature (25 C) reported by Public Service Electric
and Gas (1978). Meldrim and Gift (1974) reported that juvenile
(subadult) spot avoided 26 and 30 C when acclimated to 20 and 27
C, respectively, at 20 foot candles. Spot acclimated to 26 C and
2 foot candles avoided 33 cC.

Burton (1979) reported 5 C increases in temperature aone
acclimation temperatures of 15 and 25 C caused significant
increases in ventilation rate of juvenile spot. Increased
ventilation rate was also reported after a 2.5 C increase in
temperature above a 30 C acclimation temperature. This
investigator also reported ventilation rates 1ndlcat1ve of cold
stress occurred at 5 C.

Field studies conducted by Galloway and Strawn (1974)
demonstrated that spot (unknown age) were attracted to heated
effluent during the cool winter months in Galveston Bay, Texas.
Spot were most abundant at temperatures of 25 to 34 C but avoided

temperatures greater than 37.5 C.

_SALINITY

Salinity effects on juvenile and adult spot were evaluated
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in three studies. Juvenile spot were reported to tolerate large
reductions in salinity (34 to 0 ppt) in one hoﬁrfalthough oxygen
consumption was reduced (Moser and Gerry, 1989). After 8 h of
expoSure to freshwater, salinity was raised to 34 pp£ and the
oxygen consumption returned to normal. Public ServiceAElectric
and Gas Company (1978) conducted salinity tolerance tests using a
wide range of salinity and temperature combinations and
determined that survival of juvenile and adult spot was very low
at salinity conditions less than 2 ppt. Perez (1969) showed that
spot move faster in changing salinity regimes of 10 ppt but not 5
ppt. This investigator interpreted the increased swimming speed
as avoidance behavior and suggested that rate of salinity change

(not actual salinity) may limit the distribution of spot in

estuaries.

DISSOLVED OXYGEN

Dissolved oxygen (D. O.) effects on spot were evaluated in 5
different studies. Middaugh et al. (1975) reported 29% mortality
to spot larvae after 24 h exposures to 1.6 mg/L. Similar 24 h
exposures to 3.5 and 6.5 mg/L did not cause mortality. Burton et
al. (1980) reported a 96 h LC50 of 0.7 mg/L D. O. for juvenile
and/or adult spot. Slightly lower LD50 values of 0.4 mg/L were
reported for this species by Thorton (1975). This investigator
reported that spot exhibited increased ventilation rates at less
than 2.0 mg/L D. O. with maximum respiratory compensation at 0.94

mg/L D. O. oOgren and Brusher (1977) reported that juvenile spot

6
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inhabit waters with D. O. concentrations as low as 1.3 to 5.4
mg/L. However, dissolved oxygen values above 5.0 mg/L were

preferred.

SUSPENDED _SOLIDS

The effects of suspended solids on spot were assessed in one
study. Tsai et al. (1979) reported 24 and 48 h TLm values of
50.61 g/L for juvenile spot using fullers earth as a clean

sediment source.

TOXICITY TO SINGLE CHEMICALS

Toxicity data for various life stages of spot ekposed to
eighty-three single chemicals in saline water are presented in
Table 3. Most of these data were generated from acute flow-
through tests with pesticides. Limited toxicity data were
available with early life stages of spot (eggs and larvae).
Engle and Sunda (1979) evaluated the effects of copper (measured
as cupric ion activity pCu) on spot eggs. An eqguation was used
to calculate the cupric ion activity with pH-dependent,
conditional and apparatus-stability constants for copper-tris
complex. Conversion to standard ug/L units was therefore not
possible. These investigators reported that survival of spot
eggs was reduced by 50 % in 24 h at pCu of 8.8 (0.1 mM Cu).
Percent hatch was inhibited after 4 d at less than 9.4 pCu

(greater than 0.02 mM Cu).

Two acute toxicity studies were available for spot larvae.
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Foster (1987) reported a 96 h LC50 of 31 ug/L'(noﬁinal
concentration) for spot larvae exposed to hexaéhioro—
cyclopentadiene. Middaugh et al. (1975) reported a 120 h LC50 of
600 ug/L for spot larvae exposed to cadmium. No mortality was
reported at 100 ug/L Cd after 200 h of exposure. These
investigators also reported that exposure of spbt larvae to Cd
concentrations greater than 500 ug/L for 96 h decreased the
critical thermal maximum and reduced resistence to low dissolved
oxygen stress.

Toxicity data for juvehile and adult spot were grouped
together and arranged alphabetically in Table 3. The most toxic
chemicals to juvenile and adult spot based on acute toxicity
values were Endosulfan (96 h LC50 = 0.09 ug/L), Antimycin A (48 h
1LC50 = 0.23 ug/Ll), Endrin (48 h LC50 = 0.3 ug/L) and Toxaphene
{96 h LC50 = 0.92 ug/L). The least toxic chemicals to juvenile
spot and adult spot were Mirex (48 h LC50 > 2000 ug/L), Ametryn

(48 h LC50 > 1000 ug/L) and Atrasine (96 h LC50 = 8,500 ug/L).

' CONCLUSTONS

1. Populations of spot have remained stable in Chesapeake Bay
in recent years. Spot spawn in nearshore marine waters in the
winter therefore the vulnerable egg and young larvae are not

exposed to potentially toxic Chesapeake Bay aquatic habitat

conditions.
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2. Suitable temperature ranges for egg, larval juvenile and
adult spot were > 14 ¢, 10 - 37, 6 - 20 and 6 - 56.7 C. Salinity
ranges > 2 ppt were considered suitable for juveniles and adults.
Suitable D. 0. conditions for all four life stages were > 5 mg/L.
Suspended solids concentrations much less than 50.6 g/L wére

suitable for Jjuvenile spot.

3. Spot embryos will not develop at temperatures below 14 C.
Larvae can tolerate temperatures as low as 5 C although feeding
is completely reduced at 6 C. Exposure‘time was a critical
factor in determining mortality of 1 - 20 d old larvae exposed to
tenperature increases of 12 C above ambient; sixty min. exposures
were lethal to larvae while exposures less than 15 min. had

minimal effect.

4. Critical thermal maximum (CTM) of 30, 34, and 38 C were
reported for spot larvae acclimated to 10, 20 and 30 C,
respectively. Juvenile spot were reported to tolerate
temperatures ranging from 1.2 to 35;5 C but preferred
temperatures of 6 to 20 C. Lower lethal temperatures of 4 to 5 C
were reported for juvenile spot. Ventilation rates indicative of

cold stress were also reported at 5 C.

5. Juvenile spot can tolerate large reductions in salinity (34

PPt to 0 ppt) although survival is significantly reduced below 2

ppt.
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6. Dissolved oxygen concentrations of 1.6 mg/L’caused 29%
mortality to spot larvae in 24 h. Dissolved oxygen

concentrations of 0.4 to 0.7 mg/L were lethal to juvénile spot.

7. Toxicity data were available for various life stages of spot
exposed to eighty-three chemicals in saline water. Limited
toxicity data were a&ailable for spot eggs and larvae. A 96 h
LC50 of 31 ug/L was reported for spot larvae exposed to
hexachloro-cyclopentadiene. A 120 h LC50 of 600 ug/L was
reported for spot larvae exposed to cadmium. The most acutely
toxic chemicals to juvenile and adult spot were Endosulfan (96 h

LC50 = 0.09 ug/L), Antimycin A (48 h LC50 = 0.23 ug/L), Endrin
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